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WHAT IS CLAIMED IS: 

^ 1 . An assay for determining the biochemical 

fitness of a biochetnical target of a mutant replicating 
biological entity relative to its predecessor, 

5 comprising : 

obtaining said predecessor, 

determining the biochemical vitality of said 
biochemical target of said predecessor in the presence of 
a compound capable of inhibiting said biochemical target 
10 of said predecessor, 

determining the biochemical vitality of said 
biochemical target of said mutant replicating biological 
entity in the presence of said compound, and 



15 biochemical target of said mutant replicating biological 
entity relative to the biochemical vitality of said 
biochemical target of said predecessor. 



2 0 is an infectious microorganism. 

3. The assay of claijn__2, wherein said infectious 
microorganism is a virus . 



comparing the biochemical vitality of said 



2 . 



The assay of claim 1, wherein said predecessor 



25 



4 . 



The assay of cl aim 3 , wherein said virus is a 



retrovirus . 



5. The assay of claim_4, wherein said retrovirus 
is HIV-1 or HIV-2. 
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6. The assay of claim 2, wherein said infectious 
microorganism is a malarial parasite. 

7. The assay of claim 6, wherein said malarial 
5 parasite is a Plasmodium species. 

8. The assay of claim 2, wherein said infectious 
microorganism is a bacterium. 

10 9. The assay of claim 1, wherein said predecessor 

is a cancer cell. " 

10- The assay of claim 9, wherein said cancer eell 



15 




20 



25 



is a rapidly growing tumor cell. 

11. The assay of any one/of claims 1-10, wherein 
said biochemiaal target of saftd predecessor is an ensyme 
and said compound inhibits ^said enzyme of said 
predecessor . 

12. The assay of/any one of claims_3~5, wherein 
said bioahemical target of said predecessor is a viral 
protease, a viral reverse transcriptase, a viral 
polymerase, a viral enzyme, or a viral protein. 

13. The/kssay of claim 6 or 7, wherein said 
bioahemical garget of said^malarial parasite is a 
plasmepsin,/ a plasmodial enzyme, or a protein. 
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14. The assay of any one /of claims 1-10 7 wherein 
said biochemical target of said predecessor is an 
oligomer and said compound inhibits the oligomerization 
of said oligomer of said predecessor. 



15. The assay oy any one of claims 1-10, wherein 
said biochemical target of said predecessor is a protein 
and said compound inhibits a conformational change, 
ligand binding, pT enzyme activity in said protein of 
said predecessc 

16. The assay of claim 11, wherein: 

the biochemical vitality of the enzyme of said 
mutant replicating biological entity corresponds to K inh . 
mt ., k cat . mut , and K^^, and said biochemical vitality of the 
enzyme of said mutant replicating biological entity is 
defined by the relationship K inh . mut (Ic^.^/Km.^) , and 

the biochemical vitality of the enzyme of said 
predecessor corresponds to K inh . pred , k cat . pred , and 
KM-pred* and said biochemical vitality of the enzyme of said 
predecessor is defined by the relationship K inh _ pred (k cat _ 

pred/^M-pred^ / 

wherein K inh is an inhibition constant of said compound, 
k cat is the biochemical catalytic rate, and K„ is the 
Michaelis constant . 

17. The assay of claim 16, wherein K^.^, K inh _ pred , 
^cat-mut ' ^cat-pred ' KM-out* and K„ 

-pred each measured . 



18. The assay szSf claim 16 or 17, wherein K inh is K ± . 
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19. The assay of claim 16 or 17, wherein K inh is K d . 

20. A method of administering a therapeutic 
compound that inhibits a biochemical target of a disease - 
causing replicating biological entity, comprising: 

identifying at least one mutant capable of evolving 
from said disease-causing replicating biological entity, 

determining a first biochemical vitality of said 
biochemical target of said disease-causing replicating 
biological entity in the presence of a first compound 
capable of inhibiting said biochemical target of said 
disease-causing replicating biological entity, 

determining a first biochemical vitality of said 
biochemical target of said mutant replicating biological 
entity in the presence of said first compound, 

determining a second biochemical vitality of said 
biochemical target of said disease-causing replicating 
biological entity in the presence of at least one 
additional compound capable of inhibiting said 
biochemical target of said disease-causing replicating 
biological entity, 

determining a second biochemical vitality of said 
biochemical target of said mutant in the presence of said 
of at least one additional compound, 

determining a first biochemical fitness of said 
biochemical target of said mutant relative to said 
disease-causing replicating biological entity by 
comparing the first biochemical vitality of said 
biochemical target of said mutant with the first 
biochemical vitality of said biochemical target of said 
disease-causing replicating biological entity, 
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determining a second biochemical fitness of said 
biochemical target of said mutant relative to said 
disease-causing replicating biological entity by 
comparing the second biochemical vitality of said 
5 biochemical target of said mutant with the second 

biochemical vitality of said biochemical target of said 
disease-causing replicating biological entity, 

comparing the first biochemical fitness in the 
presence of said first compound with the second 
10 biochemical fitness in the presence of said at least one 
additional compound, and 

administering, from among said first and said at 
least one additional compounds, a therapeutic compound 
which produces the lowest value for said first or said 
15 second biochemical fitness, 

wherein said disease- causing replicating biological 
entity is less likely to develop resistance in the 
presence of said therapeutic compound. 

2 0 21. The method of claim 20, wherein said 

replicating disease-causing replicating biological entity 
is an infectious microorganism. 



22. The method of claim 21, wherein said infectious 



25 



microorganism is a virus . 



23. 



The method of claim 22, wherein said virus is a 



retrovirus . 




wherein said retrovirus 
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25. The method of claim 21, wherein said infectious 



microorganism is a malarial parasite. 

5 26. The method of claim 25 , wherein said malarial 

parasite is a Plasmodium species. 

27. The method of claim 21, wherein said infectious 



microorganism is a bacterium. 




2 8 . The method 



15 




laim 20, wherein said 



replicating disea^er^causing replicating biological entity- 
is a cancer cell . 

The method of clai m 2 8, wherein said cancer 
cell is a rapidly growing tumor cell. 



30. The method of any/one of claims 20-29, wherein 



said biochemical target oy said disease -causing 
2 0 replicating biological ^ntity is an enzyme and said 

compound inhibits said/ enzyme of said disease-causing 
>licating biological entity . 

hod of any one of claims 22-24, wherein 
said biochemical target of said disease- causing 
replicating /Diological entity is a viral protease, a 
viral reverse transcriptase, a viral polymerase, a viral 
enzyme, /or a viral protein, 
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32. The method of claim 25 or 2y t wherein said 
biochemical target of said malarial/parasite is a 
plasmepsin, a plasmodial enzyme, pr a protein. 

33. The method of any one of claims 20-29, wherein 
said biochemical target of said disease-causing 
replicating biological entity is an oligomer and said 
compound inhibits the olifgpmerization of said oligomer of 
said disease-causing replicating biological entity. 

34. The methoa of any one of claims 20-29, wherein 
said biochemical /target of said disease -causing 
replicating biological entity is a protein and said 
compound inhabits a conformational change, ligand 
binding, opr enzyme activity in said protein of said 
disease-fusing replicating biological entity. 

^35. The method of claim 30, wherein: 



the biochemical vitality of the enzyme of said 
mutant corresponds to K inh . mut , k cat _ raut , and K*^, and said 
biochemical vitality of the enzyme of said mutant is 
defined by the relationship K inh . mut (k^^/K^J , and 

the biochemical vitality of the enzyme of said 
disease-causing replicating biological entity corresponds 

tC> K inh-pred/ k cat-pred/ and K M-pred / an ^ Said biochemical 

vitality of the enzyme of said disease-causing 
replicating biological entity is defined by the 
relationship K inh . pred (k,^.^/^.^) , 

wherein K inh is an inhibition constant of said compound, 
k cat is the biochemical catalytic rate, and K M is the 
Michaelis constant . 



20.OKT.2000 14:58. - EPO MUNICH +49 89/23994465 ' NR.25S .S.14 - ^ 





102 

36. The method of claim 35, wherein K iah 

k k , K- , and K*. or ^, are each measured . 

37. The method of claim 35/fer 36, wherein. is iq, 



j A(A/ 38. The method of clsyi™ 35 or 36 ' wherein K £nb is Ka< 

39. The assay of claim 1, wherein said predecessor 
ia is a wild- type HIV strain and said mutant has at least 
one mutation in the biochemical target thereof. 




40. The method of claim 20, wherein said disease- 
causing replicating biological entity is a wild-type HIV 

IS strain and said mutant has at least one mutation in the 
biochemical target thereof. 

41. The assay of claim l r wherein said predecessor 
has at least one imitation in the biochemical target 

20 thereof, and said mutant has at least two mutations in 
the biochemical target thereof. 

42. The method of claim 20, wherein said disease- 
causing replicating biological entity has at least one 

25 mutation in the biochemical target thereof, and said 
mutant has at least two mutations in the biochemical 
target thereof. 
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44. The method of claim 41, wherein said 
predecessor or said mutant has at least one active site 
mutation . 



causing replicating biological entity or said mutant has 
at least one active site mutation. 



10 the anti-HIV protease activity of a protease inhibitor, 
which method comprises: 

adding a solution of HIV protease to at least a 
portion of a substrate stock solution, in which the 
substrate has the formula Ala-Arg-Val-Tyr-Phe (NO z ) -Glu- 
15 Ala-Nle-NH 2 , to provide a substrate reaction solution; 

measuring the fluorescence of said substrate 
reaction solution at specified time intervals; 

adding said solution of HIV protease to an 
inhibitor- substrate solution comprising a protease 
20 inhibitor and said substrate stock solution, to provide 
an inhibitor- substrate reaction solution; 

measuring the fluorescence of said inhibitor- 
substrate reaction solution at specified time intervals; 
and 

25 calculating the initial velocity of said inhibitor- 

substrate reaction solution by applying the equation: 



V=V 0 /2E t ( { [Ki (1+S/KJ +I t -E t ] 2 +4Ki (1+S/KJ E t } 1/2 - [K A ( (1+S/KJ +I t - 



E t ] ) , wherein V is the initial velocity of said inhibitor 
reaction solution, V 0 is the initial velocity of said 
3 0 substrate reaction solution, is the Michaelis-Menten 

constant, S is the concentration of said substrate, E t is 



5 



45. 



The method of claim 42, wherein said disease- 




A continuous fluorogenic assay for measuring 
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the concentration of said protease, and I t is the 
concentration of said inhibitor, wherein the initial 
velocities indicates the anti-HIV protease activity of 
said protease inhibitor. 



47. A method of preventing the development of drug 
resistance in an HIV-infected mamma/L, said method 
comprising administering to said Hfv- infected mammal a 
drug resistance-inhibiting effecti/ve amount of a compound 
of the formula : 

R 2 R 4 




r 



(CH 2 ), 



15 



odT a pharmaceutically acceptable salt, a prodrug, or an 
ester thereof, or a pharmaceutically acceptable 
composition of said compound, said salt, said prodrug, or 
said ester thereof, wherei 

A is a group of the /formula: 

R 1 




R 1 



(CH 2 ) 



2'n 



NcH. 




(CH-) 



2 J n 



or 



20 



^R 1 R 1 

R 1 is H or an aLkyl, an alkenyl, an alkynyl, a 
cycloalkyl, a cycloaq-kylalkyl , an aryl, an aralkyl, a 
heterocycloalkyl, a/ heterocycloalkylalkyl , a heteroaryl, 
or a heteroaralkyl / in which at least one hydrogen atom 
is optionally substituted with a substituent selected 
from the group consisting of OR 7 , SR 7 , CN, N0 2 , N 3 , and a 
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halogen, wherein R 7 is H, an unsubstituted alkyl, an 
unsubstituted alkenyl, or an/ unsubstituted alkynyl; 

Y and Z are the same ozj different and are 
independently selected from I the group consisting of CH 2 , 
O, S, SO, S0 2# NR 8 , R 8 C(0)N, /r 8 C(S)N, R 8 OC(0)N / R 8 OC(S)N, 
R 8 SC(0)N / R 8 R 9 NC(0)N, and R 8 R 9 NC (S) N, wherein R 8 and R 9 are 
each selected from the group consisting of H, an 
unsubstituted alkyl, an unsubstituted alkenyl, and an 
unsubstituted alkynyl; 

n is an integer from/1 to 5; 



NR 



X is a covalent bond/, CHR 10 , CHR 10 CH 2# CH 2 CHR 10 , O, 
or S, wherein R 10 is/ H, an unsubstituted alkyl, an 



unsubstituted alkenyl, on: an unsubstituted alkynyl; 
Q is C(O) , C(S) , o^ S0 2 ; 

R z is H, a Ci-Cg alfcyl, a C 2 -C 6 alkenyl, or a C 2 -C 6 



alkynyl ; 

m is an integer 



rom 0 to 6 ; 



R 3 is a cycloalkyl, a heterocycloalkyl , an aryl, or 
a heteroaryl in whicljt at least one hydrogen atom is 
optionally substitut/ed with a substituent selected from 



the group consisting of alkyl, (CH^pR 1 



OR 1 



SR 1 



CN, N 3 , 



NO z , NR 12 R 13 , 



C(0)R 12 / C(S)R 



12 



C02R 1 



12„13 



C(0)SR 12 , C(0)NR 12 R 



NR 12 C(0) SR 1 



C(S)NR 12 R 13 , NR 12 C(Oy)R 13 , NR 12 C(S)R 13 , NR G0 2 R 
and a halogen, whferein : 

p is an integer from 0 to 5; 
R 11 is/ a cycloalkyl, a heterocycloalkyl, an 
aryl, or a hetefroaryl in which at least one hydrogen atom 
is optionally substituted with a substituent selected 
from the group consisting of a halogen, OH, OCH 3 , NH 2/ 



30 



N0 2 , SH, and 



and 
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R 12 and R 13 are independent!^ selected from the 
group consisting of H, an unsubstiti/ted alkyl, an 
unsubstituted alkenyl, and an unsubfetituted alkynyl; 

R 4 is OH, =0 (keto) , NH 2/ or NHCH 3 ; 

R 5 is H, a C x -C 6 alkyl radical/ a C 2 -C 6 alkenyl 
radical, or (CH 2 ) q R 14 , wherein q is/ an integer form 0 to 5, 
and R 14 is a cycloalkyl, a heterodycloalkyl , an aryl, or a 
heteroaryl radical in which at lefeast one hydrogen atom is 
optionally substituted with a su|bstituent selected from 
the group consisting of a halogen, OH, OCH 3/ NH 2 , N0 2/ SH, 
and CN; 

W is C(O), C(S), or S0 2 ; And 

R 6 is a cycloalkyl, heterocycloalkyl , aryl, or 
heteroaryl radical in which at least one hydrogen atom is 
optionally substituted with /a substituent selected from 
the group consisting of a Halogen, OR 15 , SR 15 , S(0)R 15 , 
S0 2 R 15 , S0 2 NR 15 R 16 , S0 2 N(OH)R7, CN, CR 15 =NR 16 , CR 15 =N(OR 16 ) 



N0 2/ NR 1S R 16 
C(0)NR 15 R 16 



N(OH)R 15 , C(O)/ 



CCSJR 1 



C0 2 R x 



C(0)SR 2 



20 NR 15 C(0)R 16 , NR 15 C(S)R 



16 



NR 15 C0 2 R 16 J 



C(S)NR 15 R 16 , C/(0)N(OH)R 15 , C (S) N (OH) R 15 , 
(0H)C(0)R 15 , N(OH)C(S)R 15 , 
N(0H)C0 2 R 15 , &R 15 C(0)SR 16 , NR 15 C (O) NR 16 R 17 , 

>lSr>16 



NR 15 C(S)NR 16 R 17 , N(OH)C/0)NR 15 R 16 , N (OH) C (S) NR 15 R : 



NR 15 C (S) N (OH) R 1 



NR^SO^R 16 , 



NHS0,NR 1!> R 



15 0 16 



NR 15 C(0)N(OH)R : 

NR 15 S0 2 NHR 16 , P(O) (OR^ 5 ) (OR 16 ) , an alkyl, an alkoxy, an 
alkyl thio, an alk^Lamino, a cycloalkyl, a 
cycloalkylalkyl, k heterocycloalkyl, a 

heterocycloalkyl Alkyl, an aryl, an aryloxy, an arylamino, 
an aryl thio, an/aralkyl, an aryloxyalkyl , an 
arylaminoalkyl / an aralkoxy, an (aryloxy) alkoxy , an 
(arylamino) alkoxy, an (arylthio) alkoxy, an aralkylamino, 
an (aryloxy) aakylarnino, an (arylamino) alkylamino, an 
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(arylthio) alkylamino, an aralkylthio 7 an 
(aryloxy) alkylthio, an (arylamino) arylthio, an 
(arylthio) alkylthio, a heteroaryl, heteroaryloxy , a 
he teroaryl amino, a heteroaryl thio, /a heteroaralkyl , a 
heteroaralkoxy , a heteroaralkylamipio, and a 
heteroaralkylthio , 

wherein R 15 , R 1€ , and R 17 / are H, an unsubstituted 
alkyl, or an unsubstituted alker^yl , 

wherein, when at leas/fc one hydrogen atom of R 6 
is substituted with a substituent other than a halogen, 
OR 15 , SR 15 , CN, N 3 , NO,, NR ls R ie , / C (0) R 15 , C(S)R 15 , C0 2 R 15 , 



*3' 11IV 2' 



C (0) SR 15 , C (O) NR X5 R X6 , C (S) NR 

j tvto 15 /^t fr\\ or> 16 vralS 



16 



NR 15 C(0)R , NR 15 C(S)R 



NR 15 C0 2 R i6 , NR 15 C(0)SR 16 , NR 15 C NR 16 R 17 , or NR 15 C ( S ) NR 16 R i ' , at 
least one hydrogen atom on /said substituent is optionally 
substituted with a halogen/, OR 15 , SR 15 , CN, N 3 , N0 2/ 



C0 2 R 



NR 15 R 16 , C(0)R 15 , C(S)R 15 
C(S)NR 15 R 16 , NR 15 C(0)R 15 , N^ 5 C(S)R 16 
NR 15 C ( O ) NR 16 R 17 , or NR 15 C (JEW NR 16 R 17 



15 C(0)SR 15 , C(0)NR 15 R 16 , 

, NR 15 C0 2 R 16 , NR 15 C(0) SR 16 , 
or 



R 5 and R 6 together /with the N-W bond of formula (I) 
comprise a 12 to 18 m^mbered ring, comprising at least 
one additional heterafatom in the ring skeleton other than 
the nitrogen of saia N-W bond; and 

wherein a mutant virus that is capable of evolving 
from the HIV virus infecting said mammal has lower 
fitness, relative to said HIV virus infecting said 
mammal, in the presence of said compound. 



48 



The method of^claim 47, wherein A is a group of 



the formula: 
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49. The method of claim_47 or 48, wherein: 
when R 1 is an alkyl, it is a C x -C 6 alkyl; 
when R 1 is an alkenyl ity is a C 2 -C € alkenyl; 
when R 1 is a cycloalkyy, a heterocycloalkyl, an 
aryl, or a heteroaryl, R 1 i/s a 4-7 membered ring; 

when R 7 , R 8 or R 9 is an unsubstituted alkyl, it is a 
C^Cg unsubstituted alkyZy,- 

when R 7 , R 8 or R 9 is an unsubstituted alkenyl, it is 
a C 2 _C 6 unsubstituted alkenyl ; 

R 3 is a 4-7 memb/ared ring; 
R 11 is a 4-7 meijrfbered ring; 

when R 12 or R 13 / is an unsubstituted alkyl, it is a C x - 



15 C fi unsubstituted 



Lkyl; 



when R 12 or B? 13 is an unsubstituted alkenyl, it is a 
C 2~ C 6 unsubstituted alkyl; 

when R 14 ±b a cycloalkyl, a heterocycloalkyl , an 
aryl, or a heteroaryl, R 14 is a 4-7 membered ring; 
20 when R 6 /is a cycloalkyl, a heterocycloalkyl, aryl, 

or a heteroaryl, R 6 is a 4-7 membered ring; 

when Hr is substituted with a substituent that is an 
alkyl, an /alkylthio, or an alkylamino, the substituent 
comprises from one to six carbon atoms; and 
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when R 6 



is 



cycloalkyl, a hete 
the substituent 

or a pharmaceut 
an ester thereof . 

50 . The me 
Q is C(0) , R 2 is 
acceptable salt, 

51. The method 
is represented by 




PCT/US99/14119 

ent that is a 
heteroaryl , 

prodrug, or 

4 9 , wherein 
pharmaceut ically 
thereof . 

d compound 



or 



52. The method of claim 51, wherein said compound 
2 0 is represented by the formula: 




5 




(ID), 

wherein Ar is a phenyl which is optionally substituted 
with a substituent selected from the group consisting of 
methyl, amino, hydroxy, methoxy, methylthio, 
10 hydroxymethyl , aminomethyl, and methoxymethyl . 

53. The method of claim 52, wherein said compound 
is represented by the formula: 




15 



(IE) 



or 
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(IF) . 



54. The method of claim 52/ or 53, wherein X is 
oxygen . 

55. The method of claim /52 or 53, wherein R s is 
isobutyl . 

56. The method of clalm52 or 53, wherein Ar is a 
phenyl substituted at the para-position. 

57. The method of claim 52 or 53, wherein Ar is a 

/\ 

phenyl substituted at the meta-position . 

58. The method of c laj jn_52 or 53, wherein Ar is a 
phenyl substituted at the ortho-position. 

59. The method of claim 52 or 53, wherein Ar is 



selected from the ygroup consisting of para-aminophenyl , 
para- toluyl , paraAmethoxyphenyl , meta-methoxyphenyl , and 
meta-hydroxymethylphenyl . 



60. The method of any one of claims 47, 48, or 51- 
/ < — 

53, wherein sai/d HIV-infected mammal is infected with a 
wild- type HIV. 
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61. The method of any one >6f claims 47, 48, or 51- 
53, wherein said HIV-infected inammal is infected by a 
mutant HIV with least one praftease mutation. 



62. The method of agfy one of claim s^ 47, 48, or 51- 
53, wherein said HIV-infected mammal is infected by a 
mutant HIV having at Least one reverse transcriptase 
mutation. 



10 
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